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I.INTRODUCTION

1.1 OVERVIEW

The purpose of this practitioner’s guide is to provide supplementary guidance for analyzing uncertainty
and risk in cost-benefit analysis (CBA) and cost-effectiveness analysis (CEA). Subsequent use of the term
“cost-benefit analysis” or the acronym “CBA” in this report may pertain to either of these tools. This
guide will be most useful for practitioners already familiar with CBA concepts and models in spreadsheet
programs, such as Microsoft Excel or Google Sheets.

CBA models rely on data and assumptions subject to risk and uncertainty at the time of the analysis.
Marchau et al. (2019) defined uncertainty as the gap between available knowledge and the knowledge
decision-makers need to make the best policy choice. Risk is a type of uncertainty, the part that is
calculable and quantifiable using probabilities and losses. The degree of uncertainty and risk, and the
choice of risk analysis method depend on the intervention (sector, location, scale, and other design
parameters) and the availability and reliability of the underlying data.

Major CBA textbooks, including Florio (2014), Jenkins et al. (201 1), Boardman et al. (2018), and Sartori
(2014), discussed the theory and methods for integrating risk analysis in CBA. This practitioner’s guide
summarizes the main concepts and applications. It includes a seven-step process for conducting risk
analysis along with details concerning the choice of software and data sources. The guide is accompanied
by a spreadsheet and a slide deck for training.

1.2 IMPORTANCE FOR USAID

The analysis of risk and uncertainty in CBAs can identify the sources of uncertainty, qualitatively or
quantitatively measure the level of confidence in the results, suggest measures for managing and
mitigating risk, and report the risk and uncertainty associated with a decision. These insights are valuable
for development activities and USAID’s Program Cycle.

USAID’s new Risk Appetite Statement stated that the Agency has a high-risk appetite in its programs and
approaches for achieving development outcomes. The statement established a lower risk appetite level
for six other risk categories -- fiduciary, reputational, legal, security, human capital, information
technology, and operational (USAID 2022a).

Since USAID works in some of the most fragile countries and changing contexts, risk and uncertainty are
unavoidable considerations in the Agency’s work. Having a high appetite for programmatic and
development outcome risks does not imply that there is less need to analyze these risks and assess
uncertainty. In fact, it increases the need to understand, reduce, and compensate for programmatic and
development outcome risks. The analysis is also essential to avoid increasing fiduciary, reputational,
legal, security, human capital, information technology, and operational risks beyond USAID’s lower risk
appetite level.

ADS Chapter 20| also highlighted the need to account for risk and uncertainty in designing,
implementing, and monitoring activities (USAID 2022b). However, the use of CBA is optional at USAID.
USAID staff or partners can use CBA to inform the design, implementation, monitoring, or evaluation of
activities and interventions. When CBAs are conducted, this practitioner’s guide can facilitate the
quantitative and qualitative assessment of risk and uncertainty.



1.2 CRITICALASSUMPTIONS

A CBA model calculates decision criteria, such as the net present value (NPV), based on a series of
assumptions. Critical assumptions can significantly affect the decision criteria; in other words, they are
important drivers of the results. Figure | provides a general process flow for a CBA model.

There are three main types of critical assumptions:

e Risk variables: Assumptions subject to known variability, including possible outcomes and the
likelihood of occurrence. Examples include market prices of traded inputs and products.

e Uncertain variables: Assumptions that are subject to unknown variability. Examples include
the timing and magnitude of an extreme weather event or another natural disaster in a particular
location.

e Design parameters: Assumptions that reflect an analytical or design decision. Examples
include the discount rate for the time value of money, the scale of the intervention, and the
length and intensity of an activity.

Sometimes, these distinctions are less clear-cut. For example, the participation rate of small-scale
farmers in a farmer training intervention could be analyzed as a risk or uncertain variable.

Although changes in the value of every assumption can affect the decision criteria, not all assumptions
are risk or uncertain variables. To constitute a risk or uncertain variable, the range of variability would
have to affect the decision criteria substantially. Otherwise, they do not need to be analyzed as risk or
uncertain variables. For example, fertilizer market prices can be highly volatile, but if small-scale farmers
do not buy much fertilizer or the government controls or subsidizes the prices, these prices would not
affect the total costs in an agriculture CBA.

FIGURE I. Elements of a Risk Analysis s in a CBA Model
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2. METHODS FOR THE ANALYSIS OF RISK AND
UNCERTAINTY

Section 2 discusses the four main tools for analyzing risk and uncertainty in CBAs:

Expected value analysis: Uses probabilities in CBA calculations.
Sensitivity analysis: Focuses on how changes in one or two assumptions affect the results.
Scenario analysis: Reports decision criteria under more or less favorable scenarios.

Monte Carlo simulations: Uses assumed probability distributions in many random scenarios
to estimate the mean values and ranges for the decision criteria.

These four types of tools can be complementary and are often used together. Expected value analysis
brings probabilities into the CBA formulas to report expected values for decision criteria (Boardman et
al. 2018). Scenario analysis can either be a separate method (Jenkins et al. 201 1) or part of a sensitivity
analysis (Florio 2014).

In combination, these tools can generate five common outputs:

I.  The most critical assumptions and their viable range

2. The probability distribution for risk variables

3. The range of possible outcomes for each investment criterion
4. The probability distribution for investment criteria

5. The switching values for critical assumptions

Switching values are values of a critical assumption (design parameter, risk, or uncertain variable) that
results in an inflection point between favorable and unfavorable outcomes, such as a positive and
negative NPV (NPV of zero). Switching values are also known as the break-even points.

The four main tools for analyzing risk and uncertainty in CBAs differ in their capabilities. For instance,
sensitivity analysis follows a deterministic structure and cannot produce probability distributions. Table |
summarizes the advantages and disadvantages of these four methods.



TABLE |: Four Methods for Risk Analysis

Method Advantages Disadvantage
e Used in CBA to assess the desirability of e Does not estimate statistical confidence levels
Expected . - I - .
Value interventions that affect the probability e Not appropriate for risks that have a
Analysis of an event or the projected positive or low-probability, but potentially catastrophic
Y negative impacts if the event occurs impacts

. | e Usually limited to changing one or two variables
e Easy to implement

Sensitivity . o at a time
. e Can estimate switching values . _
Analysis . e Does not report estimate statistical confidence
e Easy to communicate
levels
. e Easy to implement
Scenario . 2 . o
Analysis o Considers co-movements e Does not estimate statistical confidence levels
e FEasy to communicate
e Complex to set up, run,and troubleshoot
e The appropriate type of probability distribution
is generally not known and findings may vary
Monte Carlo e Considers co-movements substantially with different assumed probability
Simulations e Estimates confidence levels distributions

e Easier to hide underlying biases and setup errors
compared to other methods
e Requires specific software programs

2.1 EXPECTED VALUE ANALYSIS

Expected value analysis incorporates the probability and impact of an event in estimating costs or
benefits. For example, better road designs and construction methods can reduce the probability and
potential impact of traffic accidents. Similarly, introducing an ambulance service can reduce the mortality
rate associated with traffic accidents. In either case, the probability of accidents is a part of the benefits
estimations in these examples. Figure 2 summarizes expected value analysis, where probabilities enter as
variables and calculations are updated to estimate expected values.

FIGURE 2. Expected Value Analysis
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' The straightforwardness of implementation in Excel has made sensitivity analysis a popular debugging tool for
practitioners.
2 Correlates changes in the values of two or more parameters.



Table 2 shows the expected net benefits of vehicle accident reduction.

TABLE 2: The Expected Value of the Net Benefits of Accident Prevention

Probability Annual Expected Value of Probability of Expected
Event Cost without the | Traffic AcF::ident Damage Cost Event with the | Benefit of the
Intervention | (Vehicles) g Intervention Intervention
Traffic $2,000,000 =
Accident $10,000 | percent 200,000 (10,000 X 0.01 X 200,000) 0.5 percent $1,000,000

Expected value analysis is widely used in CBAs for health interventions, disaster management, and efforts
to reduce the cost of contingent events (such as sickness and natural disasters). Expected value analysis
can also help decision-makers when a particular risk threatens a project’s success. Some development
assistance agencies encourage institutional reform as a high-risk, high-return investment. CBAs for
institutional reform activities can estimate the expected benefits by multiplying the gains (conditional on
success) by an assumed probability of success. The lowest probability of success that can justify the
intervention may be the main criterion to report to decision-makers from this expected value analysis.
See Belt et al. (2017) for an example of expected value analysis in a CBA.

2.2 SENSITIVITY ANALYSIS

Sensitivity analysis shows how changes in one or two variables at a time will affect the decision criteria.
Multiple sensitivity analyses can be done sequentially to examine the effects of changing a larger number
of variables. A sensitivity analysis is relatively easy to set up to test model formulas, identify the critical
variables, and estimate switching values. However, sensitivity analysis typically only tests the sensitivity of
decision criteria (or one decision criterion) to arbitrarily defined changes in one (or two) inputs at a
time.

FIGURE 3. Sensitivity Analysis

Sensitivity analysis can produce two types of information:

e Range of values for decision criteria
e Switching value (break-even analysis)



FIGURE 4. Sensitivity Analysis: Finding the Range of Values for Decision Criteria in Excel

Excel has built-in features for conducting sensitivity analysis. In the 2021 version of Excel, this feature
is under the Data — What-if Analysis — Data Table menu.
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There are three elements for data tables to function:
e The input must be an exogenous entry (EI9 in this example).
e The calculation must be in a cell (E20).
o The alternative values to consider for the input.

Important note: For data tables to work, the input and the table must be on the same sheet.

Once you have a functioning spreadsheet where at least one calculation depends on one input, you
can use the steps below to build a data table. These tables can be constructed vertically or
horizontally:
I. Place the alternative values in a column for a vertical table (or row for a horizontal table)
2. Create a linked cell to the calculation in the first cell of the second column (or second row) to
complete the skeleton of the table.A linked cell is a simple formula that creates a reference to
another cell. If the reference cell is C20, the linked cell will have the following content: =C20.

3. Select the table’s area, including the alternative values and the linked cell.
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4. Click on the “Data Table” from the above menu
5. Excel will then open a new window asking for the Data Table
input. For vertical tables, enter the reference for

. . . . i - M
the input cell in “Column input cell” Otherwise, st |
. . . i . M
enter the input cell reference in the “Row input Column input cell:
cell” Cancel m

6. Press “OK,” and Excel will fill the empty cells with
alternative values for the decision criterion in E20.




Annex A contains further practical notes on how to

Create an Excel data table with multiple decision criteria
Create an Excel data table with two inputs

Format Excel data tables

Troubleshoot data table issues

FIGURE 5. Sensitivity Analysis: Finding Switching Values in Excel

Excel has built-in features for finding switching values. In the 2021 version of Excel, this feature is
under the Data — What-if Analysis — Goal Seek menu.
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There are three elements for finding a switching value:

o The input must be an exogenous entry (E19)

o The calculation must be in a cell (E20)

e The threshold is the inflection point for a
decision criterion (the calculation). For NPV,

the threshold is zero. Goal Seek
Clicking on the Goal Seek menu opens a prompt ‘ Setcell: E20 2%
requesting references or values for the three items. To value: 0

“Set cell” will look for the location of the calculation
in your CBA.*“To value” is the threshold for Goal
Seek.“By changing cell” is the input. Clicking okay will | cancel (D
force Excel to replace the input value (EI9) with

another value that results in an NPV (E20) to zero.

By changing cell: | E19 &




2.3 SCENARIO ANALYSIS

A scenario is a set of data and assumptions that defines the internal and external context of a
probabilistic or deterministic scenario. An analyst can change some or all of the data and assumptions to
estimate and compare the resulting decision criterion value under a different scenario. This tool is
similar to sensitivity analysis, but scenario analysis allows changes in multiple inputs at the same time.
Often, scenarios are designed to be more favorable (optimistic or best case) and less favorable
(pessimistic or worst case).

Scenario analysis is a powerful analytical tool. It is easy to approve an investment if the decision criteria
support it under a conservative, less favorable scenario. Similarly, it is easy to reject an investment when
decision criteria dismiss it under an optimistic, more favorable scenario.

FIGURE 6. Scenario Analysis: Excel Scenario Manager Tool

Excel has a built-in feature for conducting scenario analysis. In the 2021 version of Excel, this feature is
under the Data — What-if Analysis — Scenario Manager menu.
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For each scenario, you need to select the range of inputs for which you would like to assume different
values under each scenario.You can then name each scenario and assign the values for each input
under each scenario.When this information is inserted in the Scenario Manager menus, you can use
the summary button to have Excel prepare a simple report. After pressing the summary button, Excel
shows a new window asking for the cell that contains the results (decision criteria). Placing the
reference to results is in the new window and pressing ok will produce the results and present them
as a new sheet in the same Excel workbook.




2.4 MONTE CARLO SIMULATIONS

Many parameters in a CBA model are subject to random or nonrandom variations. Monte Carlo
simulations analyze the effects of varying assumptions with known or plausible probability distributions
on the decision variables in many random samples. Each simulation run uses a specific value for each
parameter based on the range and probability distribution. The software then estimates the outcomes
for each simulation and the average and range of NPV values across the whole set of simulation runs.
For example, Monte Carlo simulations can be used in an agricultural CBA to show how random weather
variations affect the NPV. Compared to sensitivity analysis or scenario analysis, Monte Carlo simulations
generate more information, such as the probability of obtaining favorable outcomes. Figure 7 shows the
basic approach of a Monte Carlo analysis.

FIGURE 7. Monte Carlo Simulations
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An easy way to understand this tool is to consider a fair coin toss with a 50 percent probability of heads
or tails in a random distribution. A single coin toss will result in one outcome -- either heads or tails.
However, if you flip a coin 10,000 times, the outcome will not necessarily be 5,000 heads and 5,000 tails.
You might end up with 4,900 heads and 5,100 tails, purely by chance, and the probability of this or any
other outcome happening can be estimated. With a known sample size, the average (mean) outcome
and standard deviation of the population can be estimated.’ Because a random coin toss has a normal
statistical distribution, the mean and standard deviation estimate the range of likely outcomes at a
confidence level of 95 percent (or some other probability).

There are many examples where data gaps or inaccuracies have limited the use of Monte Carlo
simulations or produced misleading results. The statistical basis and visual presentations of probability
distributions can also give decision-makers an unrealistic impression that the analysis is objective and will
produce accurate projections. Consequently, this tool should only be used when adequate data are
available.

A Monte Carlo analysis consists of the following steps:

I. Build a scenario by randomly selecting a set of values for each risk variable (based on a realistic
probability distribution and assumed correlations).

3A standard deviation measures the amount of variation in a set of values.A low standard deviation indicates that the
values tend to be close to the mean.When the standard deviation is high, the values are spread out over a wide range
around the mean.



2. Plug the values into the model and record the values estimated for each decision criterion.

Repeat steps | and 2 until many values are recorded for the decision criteria.

4. Report the statistical properties of the sample for each decision criterion (e.g., expected value
or the probability of being below or above a specific threshold value).

w

Various desktop computer software programs can be used for a Monte Carlo Analysis. One example is
Oracle’s Crystal Ball, an easy-to-use add-on for Microsoft Excel. Some USAID staff and contractors have
used Oracle’s Crystal Ball software and similar programs to quickly and easily run 10,000 Monte Carlo
simulations on a laptop computer. At this time, Google Sheets does not have a comparable quality
feature or reliable software add-on for Monte Carlo simulations. Annex B provides a step-by-step set of
instructions for using Oracle Crystal Ball to conduct risk analysis on CBA models.



3.STEPS IN RISKAND UNCERTAINTY ANALYSIS

This section discusses seven practical steps to analyze risk and uncertainty in a cost-benefit analysis.
Figure 8 provides a summary of the actions and outputs of each step.

FIGURE 8. Seven Steps in Risk and Uncertainty Analysis
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